Three biological properties of canine distemper virus were examined to determine if any would consistently differentiate field from vaccine strains of the virus. The properties were the ability to (1) infect macrophages and epithelial cells, (2) produce distinct cytopathologic effect in alveolar and peritoneal macrophages and Vero cells, and (3) produce pocks on the chorioallantoic membrane of embryonated chicken eggs. Four vaccine strains and 5 field isolates were used in the study. The 5 field isolates were obtained directly from canine tissues. Of the 3 properties studied, only the comparison of the ability of the viruses to infect macrophages and epithelial cells was a consistent marker of virus origin. Virulent field isolates would only infect macrophage cultures, whereas the vaccine strains infected both types of cells. One avirulent field isolate from a case of old dog encephalitis reacted more like a vaccine strain by infecting both cell types.
The safety of modified live virus vaccines has been a concern since their inception. When canine distemper (CD) is diagnosed in a recently vaccinated dog, there is concern as to whether the infection is the result of a vaccine failure or a vaccine safety problem. 4, 6, 8 Some researchers feel that the incidence of vaccineinduced fatalities from CD has increased in recent years because of the immunosuppressive effect of canine parvovirus. 8 Several biological markers have been proposed for differentiating vaccine virus from virulent field virus. These markers include differences in cytopathology produced by the viral strains in canine alveolar macrophages 9 and Vero cells 2, 3 and differences in the relative abilities of the strains to replicate in macrophages, epithelial cells, and chicken embryos. 1, 7, 10 In most of these studies, the virulent viruses used were not direct isolates from dogs but were adapted to various cell culture systems. [1] [2] [3] 7, 9 Consequently, the classification as virulent viruses may be misleading.
The study reported here examined 3 biological properties of canine distemper virus (CDV) to determine if any of the 3 would consistently differentiate field virus from vaccine virus. Unlike previous studies in which virulent viruses were adapted to cell culture, the field isolates used in this study were obtained directly from canine tissue. The properties included the ability to (1) infect macrophages and epithelial cells, (2) cause distinct cytopathology in alveolar and peritoneal macrophages and Vero cells, and (3) produce pocks on the chlorioallantoic membrane (CAM) of embryonated chicken eggs.
Materials and methods
Viruses. Four CDV strains used in the study were obtained from commercially available vaccines. They included a canine kidney cell line origin Rockborn strain, an African green monkey kidney cell line (Vero) origin Lederle strain, a chicken fibroblast origin (CFO) Lederle strain, and a canine kidney cell line origin Snyder Hill strain. The actual source of the vaccine viruses cannot be given because of the possibility of disclosing proprietary information. Five field isolates used in the study were obtained directly from dogs. Four virulent strains obtained from dogs with clinical distemper included the Snyder Hill-NVSL isolate in a 20% canine brain suspension a and A75-17, A76-9, and A76-21 isolates in canine lymphatic tissue suspensions. b The fifth virus was A76-30 in a canine lymphatic tissue suspension isolated from a case of old dog encephalitis. b This information is summarized in Table 1 .
The vaccine viruses were isolated from multivalent vaccines by blocking the other viruses with the appropriate antisera and then culturing in primary canine kidney cells (Rockbom strain), a canine kidney cell line (Snyder Hill strain), or Vero cells (Lederle strains) for 8 days. After freezing and thawing once, the viruses were dispensed and titrated in the tissue culture systems described below and were tested for extraneous canine adenovirus and canine Parainfluenza virus by neutralizing the CDV with monospecific antiserum and inoculating the virus-serum mixture onto primary canine kidney cells. The cells were examined for cytopathogenic effect at 10 days. All cultures were negative for extraneous vaccine viruses. Replication in cell culture. The ability of the CDV strains to replicate in various culture systems was determined by culturing the viruses in primary canine kidney cells, Vero cells, ferret peritoneal macrophages, and canine alveolar macrophages.
The primary canine kidney cells and Vero cells were trypsinized from stationary 150-cm 2 tissue culture flasks and planted onto 8-chamber slides c for the detection of virus growth by the fluorescent antibody technique. Cells were planted at 150,000 cells/ml, 0.4 ml/well, and inoculated the same day as planted with 0.1 ml of virus per well.
The medium used for all tissue culture procedures was Eagle's minimum essential medium with Earle's salts, L-glutamine, and nonessential amino acids. d Fetal bovine serum (FBS) (7%), gentamicin (25 mcg/ml), penicillin (25 IU/ml), and streptomycin (100 mcg/ml) were added. The same medium without fetal bovine serum was used as diluent in all virus titration procedures.
Ferret peritoneal macrophages were collected after inoculating a ferret with 3 ml of sterile mineral oil intraperitoneally 4 days prior to harvest. At day 4, the animal was anaesthetized with 0.75 ml ketamine hydrochloride, e and the ventral abdomen was shaved and cleansed. Approximately 200 ml of the medium described above (without FBS) and containing 10 units/ml heparin were then injected into the peritoneal cavity at a point on the midline about 5 cm below the sternum.
The abdomen was massaged for 1 min, and the fluid was removed under suction with a 14-gauge catheter attached to a 60-ml syringe. The catheter was inserted into the peritoneal cavity at a point on the posterior abdomen lateral to the midline. Of the 200 ml of medium injected, approximately 150 ml were retrieved. The cell suspension was then centrifuged at 200 x g for 10 min. The supernatant was decanted, and the packed cells obtained from 1 ferret were resuspended into 40 ml of tissue culture medium with 15% FBS to obtain a concentration of 2-4 x 10 6 cells/ml. The macrophages were planted into &chamber slides, 0.4 ml/well, and incubated at 37 C in a 5% CO, atmosphere. At 24 hr, the medium was changed and the slides were inoculated with 0.1 ml/well of CDV.
Canine alveolar macrophages were collected from dogs that had been euthanized. f The thoracic cavity was opened, and the lungs and trachea were removed. A 14.gauge cannula was inserted into a major bronchus of a lung and secured with string. Sixty milliliters of tissue culture medium were injected into the lung and removed with a 60-ml syringe. This lavage procedure was performed twice.
The cell suspension obtained was centrifuged at 200 x g for 10 min. The supernatant was decanted, and the packed cells were resuspended at 10 6 cells/ml with tissue culture medium containing 15% FBS. The macrophages were planted into 8-chamber slides, 0.4 ml/well, and incubated at 37 C in a 5% CO, atmosphere. At 24 hr, the medium was changed and the slides were inoculated with 0.1 ml/well of virus.
The 4 cell types were inoculated with 10-fold dilutions of each virus. The chamber slides were incubated at 37 C in a 5% CO, atmosphere for 6 days. After incubation, the slides were fixed in acetone and stained with fluorescein-labeled CDV antiserum. Cells were examined by fluorescent microscopy for typical cytoplasmic fluorescence. Each well that contained at least 1 fluorescing cell was considered positive, and virus titers were determined by the Spearman-Karber method. Using this system, the lowest detectable titer was 1.7 log 10 TCID 50 /ml (1 of 4 wells positive at the 10 -1 dilution). When no virus was detected at the 10 -1 dilution, the titer was calculated as ≤ 1.5 log 10 TCID 50 /ml because virus could have been present in 1 or more wells at the 10 o dilution.
Cytopathologic effect. After the slides were examined for fluorescence, they were stained with May-Grunwald Giemsa stain 5 and examined for cytopathology by light microscopy.
Pock formation in eggs. Ten-fold dilutions of each virus were inoculated onto the CAM of 7-day-old embryonated chicken eggs. After a 6-day incubation period, the eggs were opened and the CAMS were examined for plaques typical of CD. The number of CAMS in each dilution showing plaques was recorded as the number of positive responses, and the 50% endpoint of infection was calculated by the same method used for the cell culture titrations.
Infectivity of field isolates in ferret alveolar macrophages.
To determine if ferret alveolar macrophages would be more sensitive for the detection of field isolates of CDV than canine alveolar or ferret peritoneal macrophages, the titers of the 5 field isolates from dogs used to infect ferret alveolar macrophages was compared with the titers obtained for the viruses in the other 2 macrophage systems. The ferret alveolar macrophages were obtained and cultured using the techniques described for canine alveolar macrophages except that the cannula was inserted into the trachea and both lungs were washed twice.
Statistical analysis. The data were evaluated by a 2-way analysis of variance. Pair-wise comparisons of means, appearing throughout the paper, were made using the Least Significant Difference (LSD) method.
Results
Replication in tissue culture. The titers of the vaccine strains in tissue culture as determined by the fluorescent antibody technique are shown in Table 2 . The mean titer was significantly lower (P < 0.05) in canine alveolar macrophages than in primary canine kidney cells or Vero cells. Individually, the Rockbom and Lederle CF0 strains had lower titers in both canine alveolar macrophages and ferret peritoneal macrophages than in epithelial cells (primary canine kidney cells and Vero cells). There were no appreciable differences in the titers obtained for the Snyder Hill strain and Lederle Vero cell origin (VCO) strain in macrophages and epithelial cells. The Lederle CF0 strain replicated in both primary canine kidney cells and Vero cells. The titers obtained in these 2 systems were 4.7 and 5.0 log 10 tissue culture infective dose 50 (TCID 50 )/ ml, respectively. The titer in eggs was 3.5 log 10 egg infective dose 50 /ml. All 4 of the field isolates from clinical CD cases replicated in canine alveolar macrophages and ferret peritoneal macrophages, but viral replication could not be detected by the fluorescent antibody technique in primary canine kidney cells or Vero cells ( Table 3 ). The means for these 2 groups were significantly lower (P < 0.01). Isolate A76-30, obtained from a clinical case of old dog encephalitis, was an exception.
All avirulent vaccine strains had a higher titer in epithelial cells than in canine alveolar macrophages. The Rockborn, Snyder Hill, and Lederle CF0 strains had a higher titer in primary canine kidney cells. The Lederle VCO strain had a titer of 3.5 log 10 TCID 50 /ml in canine macrophages and primary canine kidney cells, but it had a titer of 4.5 log 10 TCID 50 /ml in Vero cells.
All field isolates from clinical CD cases could be detected by the fluorescent antibody technique in canine alveolar macrophages but not in primary canine kidney cells. Isolate A76-30 grew in epithelial cells, but the titer was higher in canine alveolar macrophages.
Cytopathologic effect. The 9 CDV strains were inoculated into Vero cell cultures to determine if nuclear changes in those cells could be used to differentiate vaccine strains from field isolates. There was no evidence of viral replication of the 4 field isolates from clinical cases of canine distemper when the cells were examined by either the fluorescent antibody technique or May-Grunwald Giemsa stain.
Two distinct types of giant cells were observed in macrophage cultures inoculated with CDV. In the first type, the nuclei in the polykaryocytes were randomly arranged, highly pleomorphic, and grossly distorted Table 3 . Viral titers of canine distemper field strains in cell culture.
( Fig. 1 ). In the second type, the nuclei were uniform in size and positioned to form a ring around the outer edge of the giant cell, which resembled a clockface (Fig.  2) .
All the strains except the Rockborn and Snyder Hill vaccine strains produced giant cells in canine alveolar macrophages ( Table 4 ). Only the Lederle VCO vaccine strain and the Snyder Hill-NVSL and A76-17 field isolates produced giant cells in ferret peritoneal macrophages. There was no correlation between the type of giant cell in any cell type and the source of the strain.
Pock formation. None of the 5 field isolates used in the study formed pocks on CAMS of 7-day-old embryonated chicken eggs. Three of the 4 vaccine strains (Rockborn, Snyder Hill, Lederle VCO) did not form pocks; the Lederle CF0 strain produced pocks on CAMS.
Infectivity of field isolates in ferret alveolar macrophages. The 5 field isolates were tested in canine alveolar macrophages, ferret alveolar macrophages, and ferret peritoneal macrophages to determine which cell system was the most sensitive for the isolation of field viruses. The resulting titers demonstrate a higher infectivity in canine alveolar macrophages (mean of 4.2 log,, TCID 50 /ml) than ferret alveolar macrophages Table 4 . Comparison of vaccine and field strains of canine distemper virus by giant cell morphology in infected macrophages. (mean of 2.4 log 10 TCID 50 /ml) or ferret peritoneal macrophages (mean of 3.3 log 10 TCID 50 /ml) ( Table 5 ). The Snyder Hill-NVSL strain titers were 5.0 log 10 TCID 50 / ml in the canine macrophages and 4.3 log 10 TCID 50 / ml in ferret macrophages. This difference of only 0.7 log 10 TCID 50 /ml may be due to the previous passage of this strain in ferrets. The A76-30 isolate produced a titer of 5.0 log 10 TCID 50 /ml in ferret peritoneal macrophages.
Discussion
The CPE produced by a virulent strain of CDV has been reported as unique in alveolar macrophages. 9 In these cells, the nuclei in the polykaryocytes were arranged randomly, and many of the nuclei were highly pleomorphic and grossly distorted. Most of the polykaryocytes contained nuclei of widely different sizes (anisokaryocytosis). The distribution of the chromosomes in the infected cells was abnormal with evidence of chromosomal fragmentation or pulverization. Although the attenuated CD/BW strain used in the study grew to comparable titers in alveolar macrophages, similar nuclear damage was not detected with this vaccine strain.
In our study, there was no correlation between giant cell morphology and virulence when a larger number of strains was evaluated. The inability to produce giant cells of a particular type may have been influenced by the low infectivity titer in some of the preparations. Therefore, giant cell morphology in canine alveolar macrophages is not a reliable marker to distinguish vaccine strains from field strains.
Differences in cytopathology in Vero cells inoculated with virulent and attenuated CDV strains have been reported. 2, 3 After the virulent R252 and Snyder Hill strains were adapted to grow in Vero cells by subpassaging 5 times, the strains produced eosinophilic nuclear inclusions 7 days postinfection in Vero cells stained with May-Grunwald Giemsa stain. Distinct fluorescent nuclear bodies were also seen with the virulent strains in cells stained 7 days postinfection with fluorescein-labeled CDV antibody. The only ttenu-ated strain examined was the Onderstepoort strain, and although it produced polykaryocytes and exhibited cytoplasmic fluorescence that was typical of the virulent strains, it did not produce nuclear inclusions or fluorescing nuclear bodies. Nuclear aggregates were also not observed when the cells were examined with electron microscopy. 3 The findings of this study indicate that the ability to induce nuclear inclusion bodies in Vero cells is not an acceptable marker for virulent field viruses. Field isolates will not replicate sufficiently in Vero cells to form nuclear inclusion bodies without adaptation.
The ability of vaccine strains to form pocks on the CAMS of 7-day-old embryonated chicken eggs has been reported as a marker for virulence. 7 In that study, attenuated CDV strains readily formed pocks on the CAMS, whereas virulent strains did not. However, all of the 7 attenuated strains tested had been passaged in eggs at least 25 times. None of the 3 cell culture-adapted virulent strains in the study had been passaged in eggs. Because the only virus in the present study that would produce pocks on CAMS had been passaged in eggs, the ability to form pocks on CAMS appears to be related to a history of passage in eggs and not to whether the virus was a vaccine or a field isolate.
Replication of the dog kidney cell-adapted Rockborn vaccine strain of CDV in dog alveolar macrophages has been examined. 1 It was noted that by serially passaging the virus in dogs (intravenous inoculation followed by isolation of the virus from cervical lymph nodes surgically removed 5 days later), the virus increased in virulence. Accompanying this increase in virulence was a shift in the relative ability of the virus to grow in alveolar macrophages versus canine kidney cells. The avirulent virus grew well in kidney cells but poorly in macrophages, whereas the virulent virus grew well in macrophages but poorly in kidney cells.
In another study, the relative titers obtainable in chicken embryos, dog kidney cells, Vero cells, and ferret peritoneal macrophages were determined for 8 isolates from vaccines and 2 preparations of the virulent Snyder Hill strain. 10 The nontissue culture and noneggadapted virulent Snyder Hill strain grew better in ferret macrophages than in the other systems tested. However, there was no appreciable difference in the titers of the attenuated strains obtained in macrophages compared to the titers obtained in the system to which they were adapted except for the Vero-adapted Lederle strain and chicken fibroblast-adapted Baker strain, which had higher titers in ferret peritoneal macrophages. In no instance did a vaccine strain demonstrate a higher infectivity in the kidney cells than in macrophages. This observation contradicted previous findings in which the Rockborn strain had a higher titer in canine kidney cells than macrophages. 1 However, ferret peritoneal macrophages were used in 1 study, 10 whereas canine alveolar macrophages were used in the other. 7 In our study, the mean titers across vaccine strains were significantly higher 3 < 0.05) in epithelial cells than in canine alveolar macrophages, and the mean titers across field isolates from clinical CD were higher in canine alveolar macrophages than epithelial cells 3 < 0.01). This confirms the results of the previous study with the Rockbom strain 7 and demonstrates that the relative ability to replicate in macrophages or epithelial cells appears to be a consistent marker that can be used to differentiate vaccine strains from field strains. Isolate A76-30 appears to be of vaccine origin because, like the vaccine strains, it replicates well in epithelial cells and better in ferret peritoneal macrophages than canine alveolar macrophages. The fact that it had a lower titer in epithelial cells than in macrophages after at least 2 passages in dogs is consistent with what was found with the Rockbom vaccine strain after it was passaged in dogs. 7 Unlike the 4 field isolates from clinical CD, A76-30 was not virulent for dogs when administered intravenously (M. J. G. Appel, personal communication).
One reason for assaying the field isolates in canine alveolar macrophages, ferret alveolar macrophages, and ferret peritoneal macrophages was to determine if the cell type (alveolar vs. peritoneal) or the species of origin (canine vs. ferret) was contributing to the differences seen in the infectivity of the field isolates in canine alveolar and ferret peritoneal macrophages. The results in Table 5 illustrate that the viral titers of the field isolates obtained by the fluorescent antibody technique were significantly higher 3 < 0.05) in canine alveolar cells than in ferret macrophages of either alveolar or peritoneal origin. The difference in titers between ferret alveolar and ferret peritoneal macrophages was not significant 3 ! Based on the findings and conclusions of this study, the following procedure is proposed for determining whether a case of clinical distemper in a recently vaccinated dog is due to vaccine failure or caused by the vaccine itself. Tissues from the dog should be titered in either canine alveolar macrophages or ferret peritoneal macrophages and in an epithelial cell such as canine kidney cells or Vero cells. After a sufficient incubation period, the cells should be examined for specific viral fluorescence by the fluorescent antibody technique. If the isolate is of vaccine origin, it will be easily detected by the fluorescent antibody technique in both the macrophages and the epithelial cells. If the isolate is a field virus, it will either be detected only in the macrophages, or if present in epithelial cells, the titers obtained in the macrophages will be significantly higher.
When comparing canine alveolar, ferret alveolar, and ferret peritoneal macrophages, the most sensitive cell type for isolating field virus was canine alveolar macrophages. However, it is necessary to sacrifice a dog to obtain these cells. Because multiple harvests of peritoneal macrophages can be obtained from a ferret, ferret peritoneal macrophages may be preferred by some investigators wishing to distinguish vaccine virus-induced canine distemper from field virus distemper.
